We describe our investigations of the surface physicochemical and biological properties 9 of polylactic acid modified by silver, argon and carbon ion implantation to doses of 1 × 10 14 , 1 × 10 15 10 and 1 × 10 16 ion/cm 2 at energies of 20 keV (for C and Ar) and 40 keV (for Ag). X-ray analysis shows 11 enhancement of coherent scattering regions and lattice constant increase after ion implantation.
Introduction

23
Biodegradable materials based on polylactic acid are widely used in biomedicine and tissue 24 engineering because of their biocompatibility and their degradation to lactic acid in biological media 25 [1] . However, the application PLA-based materials for implants are limited by their adhesion 26 characteristics and lack of functional groups for interaction with cellular media.
27
For improvement of the physicochemical characteristics, surface modification can be used. The 
36
It is known that ion irradiation techniques can significantly modify the chemical and functional
37
properties of materials. Ion irradiation leads to scission of molecular chains and emission of volatile 38 products from the surface, and increased implantation dose leads to lower density of the implanted 39 region [3] . Polymer chain scission accompanied by surface oxidation processes and new functional Plasma treatment is often used as a pre-treatment technology and for surface activation 48 followed by distinct coating processes, e.g. chemical modification by grafting of organic functional 49 groups [10] and deposition of plasma polymerized acrylic acid on a PLA surface [11] . It has been 50 found that these hybrid methods of surface modification promote improved wettability, increased 51 surface roughness, and changes in chemical composition. Bastekova and co-workers confirm [10] 52 that their approach allows spatially distributed properties, for instance, hydrophilic and 53 bio-adhesive on one side and hydrophobic and bio-repulsive on the other side, as is highly desirable 54 for medical (implants) application. In contrast, Zhao et al [11] , in their method of PLA modification, the maximum storage time of PLA treated with atmospheric plasma for which the sample retains its 65 good adhesion properties has been found to be lower than three days under normal atmospheric 66 conditions [13] . The hydrophobicity and water absorption time can be enhanced by SF6 plasma 67 treatment [14] . The authors explain this by the incorporation of fluorinated functional groups in the 68 surface of the PLA film.
69
Chemical modification of PLA microspheres by aminolysis and grafting-coating [ 15 ] 70 demonstrates the possibility to create material with the ability to support the attachment and 71 proliferation of chondrocytes. These results show that collagen-coated PLA microspheres are a 72 promising candidate for cell microcarriers. Another PLA surface modification technique is excimer 73 laser treatment, described in [16] , where the surface wettability, morphology and roughness changes 74 as well as mass loss by ablation are investigated. It is revealed that decreased contact angle is 75 associated with increased number of laser pulses. The excimer laser has a strong effect on polymer 76 ablation; the mass loss is strongly dependent on the laser fluence and number of pulses.
77
Our literature review shows that ion-and electron-beam treatment of PLA leads to a reduction 78 in molecular weight and degree of crystallinity, increased hydrophilicity, and bioresorption. 
Ion implantation
92
Ion implantation was done using a facility incorporating our Mevva-V.Ru vacuum arc ion 93 source [18] . This implantation facility operates in a repetitively pulsed mode with repetition rate 10 same ion source but somewhat modified to form a hollow cathode glow discharge mode [20] .
102
Implantations were carried out to accumulated doses of 1x10 14 , 1x10 15 , and 1x10 16 
114
Surface morphology was studied by atomic force microscopy (AFM) using an NTEGRA Aura 
120
Magnifications from 1000 to 15000 were used at accelerating voltage of 20 kV, with spot size 2-3 nm.
121
Before the SEM study, the samples were coated with a conducting graphite film of 2−5 nm thickness 122 by magnetron sputtering to alleviate charge build-up on the surface. system cell (monocyte) reaction was investigated by cell-mediated immune response to monocytes 125 СD14+. Monocytes from the blood of individual donors were separated [21] , and cells were 126 cultured in the presence of the samples for 6 days at 37°C in an atmosphere of 7.5% CO2. Cells 127 cultured without samples were used as controls. The viability of cells was assessed after cultivation
128
(evaluation of metabolic activity of cells).
129
Results
130
Elemental and phase composition 131
The XPS analysis results reported in [22] reveal that silver after ion implantation does not form (Table 1) .
155
The atomic distribution spectrum of 1 x 10 16 ion/cm 2 Ag-implanted PLA samples, from the 156 surface to 600 nm depth, is shown in Figure 2 . Secondary ion mass spectrometry data reveal that the 
Morphological characteristics
172
The SEM image shown in Fig. 3 (a) reveals metal nanoclusters with average size 130 nm; the 173 particle size distribution is shown in Fig. 3(b) . The TEM images shown in Figure 5 reveal that metal nanoparticles with average size of 2-3 nm 
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